Background: The lumbar puncture (LP) is a procedural competency deemed necessary by the Accreditation Council for Graduate Medical Education and the Emergency Medicine and Pediatric Residency Review Committees. The emergency department (ED) is a primary site for residents to be evaluated performing neonatal LPs. Current evaluation methods lack validity evidence as assessment tools.
1,2 Residents are reported to "fail" at the pediatric LP up to 26% of the time. 3 An assessment tool for LPs with validity evidence would allow an educator to provide formative and summative assessment to the graduate medical learner. While not widely used in pediatrics, the Objective Structured Assessment of Technical Skills (OSATS) is an evaluation instrument commonly used in the surgical field that outlines the key portions of the procedure and allows for global assessment of the skill. 4 The OSATS has been adapted for other emergency medicine (EM) procedural skills including pediatric rapid sequence intubation and has documented validity evidence. 5 The goal of this pilot study was to develop and document validity evidence for an OSATS instrument for neonatal LP (OSATS-LP).
METHODS

Study Design
We developed and prospectively tested the OSATS-LP rating instrument for assessing the performance of the LP by pediatric residents in a video-delayed format. 5 In the development and testing of the instrument, we collected four of the five domains of validity evidence: content, response process, relation to other variables, and internal structure. 6 This educational research study was reviewed and exempted by the institutional review board.
Study Setting and Population
This study was conducted at the University of Michigan Health System (UMHS). The pediatric residency program is a 3-year program at UMHS and was comprised of a total of 62 categorical residents in the time period of 2011 and 2012. Five residents from the PGY1 class, five residents from the PGY2 class, and six residents from the PGY3 class were asked via e-mail to volunteer in this study. These participants were randomly selected by using the e-mail list for each class and selecting every fourth name until the approximately five subjects per class were recruited. All those who were selected agreed to participate.
Study Protocol
Tool Development. To establish content validity, an expert panel (one neonatologist, one neonatal intensive care unit [NICU] hospitalist, two pediatric hospitalists, and two pediatric EM physicians), using EM texts and checklists from previous studies, convened to determine the critical domains for performing a neonatal LP. 7 Using a modified Delphi method, the panel determined seven critical domains: preparation, positioning, analgesia, needle insertion, cerebrospinal fluid (CSF) collection, diagnostic management of laboratory studies, and creating and maintaining a sterile field. A two-point anchor for each domain was thought to insufficiently differentiate degrees of performance. Thus, a threepoint Likert-scale with specific anchors was provided for each score.
The response process validity was achieved by careful design and revision of the instrument alongside rater training. The expert panel also served as raters. These individuals were trained by first rating and discussing two videos. For domains in which there was not 100% agreement, the raters provided reasoning behind their scoring. Modifications were made to the OSATS-LP tool, including clarification of instructions, which modified raters' future ratings. This process was repeated with four additional videos. This led to the final OSATS-LP as shown in Figure 1 . The final instrument included seven domains, a global overall rating, and a total score (sum of all domains).
Data Collection. Sixteen pediatric resident volunteers were prospectively enrolled. Each resident completed a demographic and experience survey, including months in the NICU and pediatric ICU (PICU), and range of previous LPs, factors hypothesized for improved performance. The range of LPs was reduced to having performed zero to two LPs or more than two LPs. This provided the basis for the third source of test validity, relations to other variables.
Each resident was videotaped performing an LP on a simulation model (Laerdal Baby Stap, Laerdal Medical, Wappingers Falls, NY). Residents were instructed that this pilot study was to validate an assessment tool for neonatal LPs; however, they were not given the OSATS-LP and did not receive any formalized training in this simulation. The simulation began with the reading of a clinical scenario describing a febrile infant requiring an LP to evaluate for possible meningitis. Residents were instructed to verbalize what equipment was needed, their actions during the procedure, and laboratory studies desired. The residents were permitted to ask questions for clarification prior to the start of the simulation only. The six raters reviewed all of the videos (96 ratings). The raters were able to re-watch the videos as necessary for accurate scoring.
Data Analysis
The inter-rater reliability of the OSATS-LP was determined by calculating the Fleiss' kappa. 8 Interpretation of kappa values was as follows: <0, poor; 0 to 0.2, slight; 0.21 to 0.4, fair; 0.41 to 0.6, moderate; 0.61 to 0.80, substantial; and 0.81 to 1, almost perfect. These measurements provided the fourth source of validity, internal structure validity evidence, or the inter-rater reliability. t-tests were used to assess if there was significance between level of training, previous NICU and PICU experience, previous performance on LPs, and resident self-assessed confidence in comparison with their total performance scores. Statistical significance was set at alpha = 0.05.
RESULTS
The ratings using the OSATS-LP by year of training are found in Table 1 . There was an increase in the percentage of observations deemed to be competent (score of 2 or 3) in the domains of preparation, positioning, needle insertion, CSF collection, and sterile field, with increasing PGY year.
The domains of preparation, sterile field, and CSF collection had kappa values of 0.60, 0.41, and 0.51, respectively. The domains of analgesia and management of laboratories had kappa values of 0.62 and 0.62, respectively. Finally, the domains of positioning and needle insertion had kappa values of 0.16 and 0.16, respectively.
There was no difference in mean scores between residents who had performed more than two LPs and those who had performed two or fewer (17.0 vs. 14.5, p = 0.14). Individuals who had completed NICU rotations had higher mean total score in the OSATS-LP (12.5 vs. 16.9; p < 0.01). However, individuals who had completed rotations in the PICU, or those who had previously performed simulated LPs, were not found to have higher scores (15.8 vs. 17.3, p = 0.16) and (16.3 vs. 16.5, p = 0.82), respectively. A resident's own perception of ability to perform an LP unsupervised was not associated with a higher total score.
DISCUSSION
As discussed by Cook and Beckman, 9 "validity is not a property of the instrument, but of the instrument's scores and their interpretations." Interpreting the kappa values above, the domains of preparation, analgesia, and management of laboratory studies showed substantial reliability. The domains of CSF collection and sterility showed moderate reliability. Finally, the domains of positioning and needle insertion were slightly reliable. For these domains, the raters commented that it was difficult on the video to view the exact positioning and needle insertion. If the resident verbalized positioning and monitoring of the patient, he or she was given credit. However, if the resident did not verbalize this, the raters were limited to the visual performance on the videotape. Nevertheless, five of the seven domains showed greater than moderate reliability. Previous studies have considered that the inter-rater reliability for the tool itself is "good" based on such kappa values. 4 
LIMITATIONS
This study evaluated only pediatric residents and, therefore, evaluation in EM residents is warranted. This study was also limited by its small sample size. Moreover, this tool was evaluated in a simulated setting and therefore, applicability to clinical environments needs further investigation.
This pilot study also documented validity evidence for the OSATS-LP in four of the five sources of test validity. However, there were limitations in each of these sources. Content validity often describes the meticulous process outlining the steps needed to ensure appropriate representation of the construct. In this study, there was construct underrepresentation given that that the OSATS-LP did not assess communication competency, such as obtaining informed consent and other features that are important in a clinical environment. 10 Furthermore, there was a potential for construct irrelevant variance if the raters inadvertently used personal constructs instead of the provided OSAT-LP to evaluate residents. 10 In regard to the response process, there was a potential for "halo bias" if the raters recognized the residents. The voices of the residents were not altered, but their faces were not shown.
When evaluating external variables affecting performance, residents who had completed rotations in the NICU, as expected, overall had higher scores. This was not seen for residents who had also completed PICU rotations, likely due to the small sample size. Furthermore, this study did not evaluate how the OSATS-LP compares with other assessment tools. However, currently, there are not other validated assessment tools for neonatal LPs.
Finally, this pilot study did not evaluate the fifth source of validity: "the impact on examinees from the assessment scores, decisions, and outcomes and the impact of assessments on teaching and learning," as described by Downing and Haldyna. 10 This tool has the potential to provide formative feedback. There was no statistical difference in the total scores between residents who perceived that they could perform an LP unsupervised compared to those who were not confident. The discrepancy in perceived and actual ability is the crux of why assessment needs to be tailored to each learner.
CONCLUSIONS
This pilot study demonstrates that the Objective Structured Assessment of Technical Skills for neonatal lumbar punctures demonstrates reasonable validity in a simulated setting in regard to content, response process, inter-rater reliability, and relationship to external variables. Although two domains of performance exhibited less reliability, and despite not evaluating consequences of testing, this study and the Objective Structured Assessment of Technical Skills for neonatal lumbar puncture serve as launching points for the development of a neonatal lumbar puncture assessment tool. 
